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This  report  presents  the  results  of  visual  and  photographic 
underwater  surveys  from  the  shoreline  to  a  depth  of  600  feet 
along  selected  routes  off  the  eastern  coast  of  Andros  Island, 
Bahamas,  Additional  oceanographic  and  meteorological  data  are 
included  which  were  obtained  during  previous  surveys.  This  is 
the  U.  S.  Naval  Oceanographic  Office’s  first  survey  utilizing 
SCUBA  equipped  divers  and  submersibles  and  represents  a  further 
expansion  of  our  data  collection  and  survey  capabilities  to 
provide  a  more  lucid  presentation  of  ocean  environmental 
charact eris  tics. 

The  survey  was  performed  to  provide  information  applicable 
to  the  installation  of  submarine  cables  in  support  of  the  U*  S. 
Navy's  Atlantic  Undersea  Test  and  Evaluation  Center. 
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INTRODUCTION 


Between  5  through  20  May  1964,  the  U.  S,  Naval  Oceanographic  Office 
in  conjunction  with  the  U,  S.  Naval  Photographic  Center  performed  an 
onshore  and  underwater  cable  route  survey  off  the  eastern  coast  of 
Andros  Island,  Bahamas.  Surveys  commenced  ashore  and  proceeded  under¬ 
water  offshore  along  predesignated  bearings  to  a  depth  of  120  feet. 
Survey  sites  were  Salvador  Point,  Big  Hood  Cay,  Golding  Cay,  and 
Deep  Creek.  Following  this  phase  of  the  survey  a  similar  operation 
was  pursued  off  Fresh  Creek  and  High  Point  Cay  in  June  2965.  In 
addition,  a  manned  submersible  (Perry  Cubmarine  PC5-B)  was  employed 
to  investigate  the  bottom  to  a  depth  of  600  feet  off  Fresh  Creek, 

Big  “flood  Cay,  and  Golding  Cay  (Figures  1  and  2). 

The  purpose  of  tits  survey  was  to  provide  information  on  the 
nature  of  the  bottom  for  future  submarine  cable, installations  off 
Andros  Island  in  S’tvport  of  the  U.  S,  Navy’s  Atlantic  Undersea  Test 
and  Evaluation  Center  (AUTEC).  Additional  information  regarding 
oceanography  and  climatology  was  obtained  prior  to  these  operations 
to  fulfill  other  project  requirements. 


FIELD  METHODS 


SCUBA  surveys  to  a  depth  of  130  feet  were  conducted  from  aboard 
R/y  AQUANAUT  out  of  Nassau,  New  Providence  Island.  Predesignated 
onshore  cable  termination  sites  were  located  using  aerial  photo¬ 
graphs  and  survey  monuments  from  previous  site  surveys .  Survey 
tracks  were  established  by  positioning  a  transit  over  the  onshore 
site  marker  and  sighting  along  the  proper  bearing.  At  a  measured 
distance  from  the  shoreline,  and  guided  by  shore  signals,  styrofoam 
marker  buoys  were  placed  at  intervals  along  the  track.  Subsequent 
to  installation  of  the  buoys,  divers  took  still  and  motion  pictures, 
savvies,  and  measurements  of  the  bottom  at  each  buoy  and  between 
buoys  where  a  change  in  bottom  characteristics  occurred. 

Diving  operations  with  PC3-B  commenced  immadi *tely  seaward  of 
the  barrier  reef  off  Fresh  Creek,  in  the  center  of  the  boat  channel 
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between  Big  Wood  and  Gibson  Cays,  and  several  hundi'ed  yards  east 
of  the  center  of  Golding  Cay.  In  all  cases  the  commencement  point 
was  established  with  Dacca  Mark  X  and  the  submersible  then  proceeded 
due  east  along  the  bottom  to  a  depth  of  600  feet. 

Still  photographs  ashore  were  taken  with  a  Press  Type  4  '  x  5"  still 
picture  camera;  underwater  stills  were  taken  with  a  3S  mm  "Calypso" 
camera,  Motion  pictures  were  made  underwater  with  a  "Sampson"  under¬ 
water  camera  using  artificial  and  natural  light. 


GEOLOGIC  SETTING 


Andros  is  the  largest  of  the  Bahamian  islands.  It  is  centeied 
at  approximate  latitude  24°29,N.,  and  longitude  77°52*W.,  on  the 
Great  Bahama  Bank,  and  constitutes  the  western  land  boundary  along 
the  majority  of  the  Tongue  of  the  Ocean  (Figure  1).  Barely  more 
than  30  miles  wide,  the  island  is  approximately  90  miles  long.  A 
network  of  tidal  channels  and  marshes,  calcareous  mud,  and  mangrove 
thickets  characterize  the  geography  of  the  west  coast  of  the  island. 
Conversely,  the  east  coast  is  well  defined  by  alternating  deposits 
of  sand  and  beachrock.  A  barrier-type  reef  extends  along  the  eastern 
coast  of  Andros  and  is  separated  from  the  island  by  a  shallow  lagoon 
which  does  not  exceed  3  fathoms  in  depth. 

A  major  part  of  the  island  is  covered  by  low  shrubs  and  trees 
supported  by  a  well-indurated,  medium  to  fine-grained,  oolitic 
limestone.  There  is  virtually  no  topsoil  covering  the  limestone 
country  rock;  instead,  a  few  inches  of  humus  collects  here  and  there 
in  the  cavities  and  depressions  honeycombing  its  surface. 

The  lajy>on  averages  one  mile  wide  and  a  maximum  2  to  3  fathcms 
deep.  The  lagoon  floor  is  an  extension  of  the  Andros  country  rock 
and  is  covered  by  a  varying  thickness  of  medium-  to  coarse-grained 
calcareous  sand.  In  some  areas  (Fresh  Creek,  Salvador  Point,  Deep 
Creek)  the  sand  is  as  much  as  5  feet  thick,  while  in  other  areas 
(Big  Wood  Cay;  Golding  Cay;  High  Point  Cay)  only  3  thin,  shifting 
veneer  is  present. 


The  resf  off  the  eastern  coast  of  Andros  extends  from  the  Berry- 
Islands  in  the  north  to  Pigeon  Cay  in  the  south „  It  varies  in 
development,  does  rot  present  a  solid  barrier  throughout,  and  is 
more  pronounced  at  some  locations  than  at  ethers.  According  to 
Newell  at  jd  (1957),  the  reef  consists  of  a  narrow  ridge  of  oolite 
which  rises  in  places  to  form  small  cays,  and  in  certain  areas  has 
been  overgrown  with  slgae-corsl  encrustations  which  fens  a  broad 
underwater  ridge  several  hundred  feet  wide. 

Seaward  of  the  reef  an  outer  platform  extends  eastward  a  quarter 
of  a  mile  or  move.  The  platform  terminates  abruptly  at  a  depth 
between  14  and  16  fathoms  where  a  sharp  bresk-in-slope  oecurs  which 
serves  as  the  boundary  delineating  deep  from  shallow  water.  At  the 
break-in-slope  an  escarpment  descends  almost  vertically  to  depths 
between  1G0  and  120  fathoms.  Below  this  depth,  the  slope  gradient 
decreases  continuously  toward  the  deep  sen  floor  in  the  center  of 
the  Tongue  of  the  Ocean.  The  uniform  slope  seaward  of  the  outer 
platform  is  interrupted  in  several  places  by  terraces  which  parallel 
the  barrier  reef. 


PREVIOUS  STUDIES 


Prior  to  this  study,  considerable  effort  was  expended  on  MIFEC 
site  surveys  in  connection  with  base  construction  and  dredging. 
Other  studies,  not  connected  with  the  project,  provided  oceano¬ 
graphic  information  of  general  and  specific  interest. 

NAV0CEAN0  performed  bathymetric  surveys  of  the  lagoon  and 
reef  areas  off  all  the  sites,  as  well  as  in  the  Tongue  of  the 
Ocean,  which  provided  coverage  of  the  areas  studied  herein. 

Private  organizations  performed  surveys  of  the  land  sites  for 
construction  purposes  and  provided  detailed  topographic  saps. 

In  some  instances,  the  contractors  aade  soil  borings  in  the 
Xagoon  to  determine  the  unconsolidated  sand  thickness. 

Newell  et  al  (.1957)  charted  the  entire  Andros  reaf  and  their 
results  provTdecT  an  excellent  and  detailed  guideline  for  this 
study. 


Tidal  sessuremonts  initiated  by  NAVQCEANO  (IMR  0-21-64)  in  1963 
have  been  reported  and  are  continuing  at  Salvador  Point  and  Fresh 
Creek. 

DeLeonibus  (1960)  calculated  theoretical  wave  heights  under  varying 
conditions  of  wind  and  fetch  in  the  Tongue  of  the  Ocean. 

Meteorological  data  were  provided  by  the  Bahamas  Meteorological 
Service  which  aaintains  a  permanent  observation  station  at  Mangrove 
Cay,  Andros  Island,  and  other  islands  throughout  the  Bahamas, 


CLIMATOLOGY  AND  OCEANOGRAPHY 


Monthly  air  temperatures,  humidity,  rainfall,  and  wind  speed  over 
a  four  year  period  at  Mangrove  Cay  is  presented  in  Table  1.  Seasonal 
and  annual  wind  roses  as  measured  free  November  through  October  IS63 
are  shown  in  Figure  5.  No  wind  directions  were  available  from  19S7 
to  1960. 

ifJinds  approaching  hurricane  strength  are  aost  probable  in  the 
months  of  August,  September,  and  October  when  79  percent  of  the 
hurricanes  occur.  An  average  of  two  hurricanes  invades  the  Bahamas 
annually. 


TIDES 


Tidal  corrections  to  be  applied  to  tide  predictions  at  Hampton 
Roads j  Virginia,  from  Fresh  Creek,  Salvador  Point,  and  Pigeon  C&y 
are  presented  in  Table  2.  Tides  in  the  Bahamas  are  semi-diurnal 
with  a  diurnal  inequality,  and  show  a  mean  range  of  approximately 
3  feet.  Tidally  induced  currents  in  the  lagoon  are  generally  low 
speed  (<0.2  kts).  In  the  Andros  Bights  (e.g.,  between  Big  Wood 
and  Gibson  Cays)  the  current  can  reach  l  knot. 
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FIGURE  3.  SEASONAL  AND  ANNUAL  WIND  ROSE  AT  MANGROVE  CAY 
ANDROS  ISLAND,  NOV.  1962  THROUGH  OCT.  ‘964. 


Table  2 

Tidal  Differences  Relative  to  Hatton  Roads  Predictions 
High  Water  Low  Water 

Tiae  Height  Tiise  Height 


hr. 

rain. 

ft. 

hr. 

ain. 

ft. 

Fresh  Creek 

-1 

12 

+0.6 

-1 

36 

+0.7 

Salvador  Point 

-1 

41 

+0.9 

-1 

42 

+0.7 

Pigeon  Cay 

-1 

05 

+0.9 

-1 

05 

+0.7 

WAVES 


The  barrier  reef  provides  an  effective  breakwater  for  waves  generated 
in  and  outside  of  the  Tongue  of  the  Ocean.  Consequently,  ouch  of  the 
shoreline  on  Andros  is  protected.  A  wave  height  of  one  foot  inside 
the  windward  lagoon  is  rare.  Along  the  eastern  shore  of  Golding  Cay 
and  High  Point  Cay,  where  there  is  a  sheer  rock  wall  over  15  feet 
high,  waves  may,  however,  exceed  the  one  foot  height.  There  is 
no  barrier  reef  to  protect  either  island.  Consequently,  the  sea¬ 
ward  side  of  the  island  receives  the  full  force  of  all  westerly 
waves . 

In  the  Tongue  of  the  Ocean,  theoretical  wave  heights  of  11,3  feet 
can  be  generated  at  a  wind  speed  of  26  knots.  DeLeonibus  (I960) 
presented  Figure  4  which  represents  observed  seasonal  wave  heights, 
direction,  and  frequency  in  the  Tongue  of  the  Ocean.  Fro®  the  same 
report  (Ibid.)  Table  3  suaraarites  the  aost  probable  wave  heights 
from  all  -directions  for  wind  speeds  ranging  fro®  10  to  26  knots 
under  unlimited  duration  at  the  downwind  edge  of  the  fetch. 


FREQUENCY (PERCENT) 


WAVE  HEIGHT  (FEET) 


0  I  3  5  8  12  0  13  5  8  2  0  I  3  5  8  12  0  I  3  5  8  12 
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Talils  3 

Comparison  of  Possible  Wave  Heights  in  the 
Tongue  of  the  Ocean  for  Different  Fetch  Orientation 


Max.  Fetch 

Wind  Speed 

(knots) 

Wind 

Length 

10  U 

13 

22  26 

Direction 

(N.M.) 

Significant 

Wave  Heights  (• 

NW  -  SE 

120 

1.4  3,2 

6.1 

10.0  11.3 

N  -  S 

70 

1.4  3,2 

6,1 

6.2  6.3 

NE  -  SW 

20 

1.4  2.8 

3.0 

3.4  4.3 

E  -  K 

20 

1.4  2.8 

3.0 

5,4  4,3 

Soise  swell  can  occur  as  a  result  of  persistent  northeasterly  wind 
and  a  considerable  amount  may  be  refracted  around  Cliftors  Point  on 
the  western  end  of  Hew  Providence  Island  into  the  TOTO. 


FRESH  CREEK  (SITE  1} 


Site  1  is  two  miles  south  of  the  entrance  to  Fresh  Creek  on 
Andros  Island.  No  specific  bearing  was  followed  during  the  Site  1 
survey.  Instead,  th~  entire  area  delineated  in  Figure  5  was 
reconnoitered  and  representative  bottom  photographs  were  t&ken. 
Survey  efforts  concentrated  on  the  barrier  reef  and  outer  platform 
where  divers  were  towed  underwater  on  plane  boards  normal  to  the 
reef  along  tracks  positioned  with  Decca. 

The  backshore  area  consists  of  a  sand  dune  3  to  4  feet  high 
covered  by  low  shrubs  and  bushes  which  terminate  sharply  at  the 
beach  face  (Plate  1).  The  beach  consists  of  a  medium-grained, 
calcareous  sand  sloping  gently  seaward.  The  first  several  hundred 
yards  into  the  lagoon  a  clean,  sandy  bottom  is  present;  proceeding 
toward  the  reef  the  sand  thickness  decreases  and  overlies  the 
extension  of  Andros  country  rock  into  the  lagoon.  The  lagoon 
bottom  supports  a  thinly  populated  coresunity  of  various  marine 
organisms.  In  places  where  the  bottom  has  little  or  no  sand 
veneer  the  organisms  have  concentrated  to  form  a  local  topo¬ 
graphic  high  3  to  5  feet  above  the  general  lagoon  depth  of 
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In  tha  Bahamas ,  localized  ^reas  of  luxuriant  marine  growth 
(serais,  algae,  sea  fans,  etc,)  ere  called  "heads*”  This  tern 
will  be  applied  to  describe  such  features  here. 

The  lagoon  is  ISOb  yards  wide  «md  transition  froa  lagoon  to  reef 
is  abrupt  and  marked  by  a  sharp  decrease  in  depth  z  ,id  an  increase 
in  bottoa  organises, 

Ranging  between  200  to  400  feet  wide,  the  barrier  reef  provides 
a  sharp  delineation  between  lagoon  and  outer  platform  (Plats  1). 

The  reef  is  dominantly  populated  by  Milleporidae,  ftcropora  Palmate, 
Agaric i&  agariciter-  and  various  alcyonarxaEs~(?Tate  2)7  At~Iow 
tide  "the  re^'f'o'relSs  the  surface  in  several  areas  ana,  although 
a  few  channels  provide  passage  between  lagoon  and  outer  platform, 
generally  presents  3  so!5.d  barrier  in  the  area  reconnoitered. 
Approximately  100  yards  south  of  the  southern  boundary  of  the 
area  studied,  the  solidarity  of  the  reef  gives  way  to  scattered 
heads  separated  by  wide  channels  10  to  12  feet  deep. 

A  sharp  increase  in  depth,  and  a  decrease  in  coral  abundance, 
narks  the  eastern  ox  seaward  termination  of  the  reef  and  commence¬ 
ment  of  the  outer  platform  (Plate  2).  Extending  approximately  500 
yards  froa  barrier  reef  to  marginal  escarpment,  the  outer  platfora 
rang'*?  froa  10  feet  to  120  feet  deep,  and  terminates  sharply  into 
a  precipitous  upper  marginal  or  rim  escarp  sent.  Between  the 
barrier  reef  and  20  feet  dspth  the  outer  platform  consists  of 
a  hard  bottom  covered  by  a  thin  veneer  of  coarse  sand  with 
occasional  gorgonians  and  scattered  massive  corals,  e.g., 

Diploria  strigosa.  In  depths  greater  than  20  feet  the  population 
of  coral’s"  and  other  marine  organisms  gradually  increases  to  the 
point  where,  between  40  and  60  feet,  a  virtual  forest  of  corals 
is  present.  This  "coral  forest"  is  dominated  by  tall  columnar 
forms  of  Montastrea  annularis.  These  range  from  15  to  20  feet 
high  and  are  dissected  Vyt>l £hd ly  terminating  channels  5  to  10 
feet  wide  and  floored  by  a  loose,  coarse  sand  (Plate  3).  The 
luxuriance  and  variety  of  marine  lifa  on  this  area  of  the  i^ater 
platfora  is  extraordinary  and  attests  to  the  vigorous  water 
circulation  necessary  to  support  such  a  coisssmity*  Betw^.m  60 
and  80  feet  in  depth  the  coral  abundance  gradually  decreases 
and  gives  way  to  low  (2  to  4  ft.  high)  heads  arranged  generally 
in  a  spur  atd  groove  configuration  normal  to  the  reef.  Frena 
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100  tf.  120  feet  in  depth  the  hard  outer  r> latforta  departs  frois  its 
gentle  seaward  slope.  There  it  assumes  a  dip  between  30*  and  40* 
which  terminates  at  120  feet  whore  a  terrace  approximately  ISO 
feet  wide  extends  to  1  TO  fee-,  depth  at  the  top  of  th®  rim  escarp- 
*?«X  (Plate  3).  The  face  of  this  escarpsont  is  discussed  on  page  24. 
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SALVADOR  POXOT  (SITE  2) 
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Site  2  is  located  16  miles  south  4-f  Sits  1  end  35  miles  south- 
southwest  of  New  Providence  Island.  The  shoreward  coble  termination 
is  ut  latitude  24*2$' 2S"N.,  and  longitude  77fi43;9.2d,rW.  This 
co-ordinate  is  250  yards  inland  of  the  high  water  line  and 
approximately  300  yards  north  of  the  settlement  of  Cargill's 
Cr-iei.. 

Backshore  area  of  Site  2  consists  of  s  6  foot  sand  dune  which 
slopes  at  approx!  s*.:ely  7*  to  the  high  water  line  (Plate  4).  The 
sand  is  medium-coarse  grained  calc&renite  which  overlies,  in 
excess  of  3  feet  at  the  crest,  a  weli-nduratod  beach  rock.  The 
beach  face  terminates  abruptly  at  the  low  tide  terrace  and  is 
replaced  by  a  hard  limestone  dipping  gently  (2-3°)  sec ward. 

Beachrock  comprising  the  low  tide  terrace  is  well  lit3u*ied  and 
sculptured  with  depressions  and  cavities  a  few  inches  owp  and 
over  1  foot  across.  The  low  tide  terrace  terminates  approximately 
350  feet  seaward  of  the  beach  face  (narking  the  limit  of  Mean  Low 
Water).  A  few  hundred  feet  seaward  of  the  foreshore  termination 
the  bottom  consists  of  a  mixed  community  of  small  corals,  calcareous 
algae,  and  sea  fans  growing  on  submerged  beachrock.  This  ?*i ted 
community  diminishes  200  feet  seaward  of  MLW  and  is  replaced  by  a 
medium-grained  sand  and  grsss  association.  A  typical  section  of 
the  lagoon  bottom  off  Salvador  Point  is  shown  in  Plate  5,  Thors 
is  little  variation  in  the  sand-grass  association  along  tue  track 
surveyed,  and  all  indications  suggest  a  stable  button.  SethyTsetry 
of  the  area  from  i:he  shoreline  to  the  break-in-slops  is  presented 
in  Figure  6, 

Near  the  barrier  reef  (Buoy  8)  a  large  head  sua^xting  corals 
and  hydrocorals  of  the  genera  Diploria,  Fsvia,  and  Millepora  zs. 
well  as  alcyonarians  and  other  organisms  appears  (Plate  a) . 

This  is  tho  only  departure  fro*  the  sand-grass  association. 


14 


— *  - 


in  TTirriiiTMiii  -  •-  .-ns.™™.. 


Transition  fro®  lagoon  to  barrier  reef  is  abrupt  and  characterized 
by  a  sharp  decrease  in  depth  and  change  in  bottom  characteristics, 

Tho  reef  is  extremely  rough  wit .  numerous  corals  and  reef  debris 
up  to  3  to  4  feet  across  (Plate  6).  The  most  shallow  portion  of 
th*s  rs®£  is  ,iQ0  to  400  feet  wide  and,  in  some  areas  awash  at  low 
tide. 


msediateiy  seaward  of  the  reef  a  sharp  increase  in  depth  occurs, 
and  at  14  to  16  fathoms  the  break-in-slope  is  reached.  Below  the 

fcreak-j.n-slope  the  bottom  is  essentially  vertical  to  100  fathoms. 

\ 

Immediately  adjacent  to  the  seaward  side  of  the  reef,  on  the  outer 
pl&tfons,  are  coral  heads  ranging  from  2  to  10  feet  high  which  present 
an  extremely  angular,  irregular,  hard  bottom.  Seaward,  this 
association  gives  way  to  a  spur  and  groove  configuration  in  which 
the  coral  heads  are  dissected  into  channels  15  to  20  feet-  deep  and 
wide.  The  bottoms  of  the  grooves  or  channels  are  hard  and  covered 
by  a  thlr.,  shifting  veneer  of  sand,  loose  coobles,  ana  boulders. 

The  spur  and  groove  configuration  is  obscured  near  the  bresk-in- 
slops  owing  to  an  increase  in  sedentary  organisms. 

In  essence,  the  hairier  reef  and  the  outer  platform  consists  of 
a  hard,  irregular  bottom  incised  by  channels  and  grooves,  and 
reflects  an  area  subject  to  vigorous  water  turbulence. 


BIG  WOOD  CAY  (SITE  3) 


The  survey  at  Site  3  coraseneed  ashore  at  approximate  latitude 
2A°20{I8.3"N.t  and  longitude  7?°4r'0G.45"W, ,  300  yards  west  of  the 
eastern  shoreline  on  the  southeast  tip  of  Big  Wood  Cay.  Bathymetry 
along  the  survey  track  of  058°  to  ths  break-in-slope  is  shown 
in  Figure  7. 

l,oose  sand  overlying  a  well-indurated  limestone  composes  the 
backshore.  Immediately  west  of  the  dune  crest  a  stand  of  pain 
trees  gives  way  to  thick,  dense  shrubs  (Plate  7).  A  few  hundred 
feet  inland  the  sand  covering  is  absent  and  rcugh,  angular  lime¬ 
stone  supports  thickets  jf  mangroves  and  other  low  brush. 


I 

The  beach  face  is  steep  and  consists  of  an  unconsolidated, 
medium-grained  calcareous  sand.  This  is  a  relatively  narrow  2one 
with  the  lateral  distance  from  crest  to  the  commencement  of  the 
low  tide  terrace  approximately  30  feet.  At  the  low  tide  terrace, 
the  sand  terminates  abruptly  and  is  replaced  by  a  hard,  well 
eroded  limestone.  The  low  tide  terrace  is  275  feet  wide  along 
the  survey  track  and  is  similar  in  appearance  and  composition  to 
the  terrace  off  Salvador  Point.  Occasional  tide  pools  are  present 
in  th®  beachrock  which  provide  local  topographic  irregularities. 

The  lagoon  bottom  between  Big  Wood  Cay  and  the  offlying  reef 
varies  substantially  from  the  bottom  off  Salvador  Point.  Here 
the  bottom  consists  of  hard,  eroded,  and  fractured  rock  which 
supports  numerous  and  varied  organisms.  Sea  fans  and  whips 
dominate  the  area  and  scattered  coral  heads  provide  relief  of 
from  1  to  2  feet.  Plates  8  and  9  are  typical  of  the  bottom 
throughout  the  lagoon.  Lack  of  a  thick  sand  covering  and  marine 
grasses  indicates  strong  water  circulation.  Circulation  is 
periodic  and  controlled  by  the  ebb  and  flood  of  the  tide  in  the 
channel  between  Gibson  and  Big  Wood  Cays  where  a  current  spaed  of 
l  knot  can  be  observed. 

The  barrier  reef  is  less  distinct  along  the  survey  track  off  Big 
Wood  Cay  than  at  Salvador  Point,  and  is  delineated  by  an  increase 
in  coral  abundance  and  species.  A  few  hundred  yards  north  and 
south  of  the  survey  track,  the  reef  is  well-developed  and  stands 
a  few  inches  above  the  water  surface  at  low  tide.  Seaward  of 
the  reef  the  outer  platform  is  similar  to  that  described  at 
Salvador  Point.  The  bottom  changes  from  a  forest  of  coral  heads 
off-reef  to  a  spur  and  groove  configuration  in  intermediate  areas, 
and  finally  to  a  textural ly  rough  and  abrupt  break-in-slope 
(Plates  10  and  11}. 


GOLDING  CAY  (SITE  4)  j 

j 

Golding  Cay  is  a  small  island  located  in  the  entrance  to  South  j 

bight.  The  cay  is  600  yards  long  and  430  yards  wide  st  the  rfaxisjum.  \ 

It  is  2S  feet  high  in  the  center  and  rises  abruptly  on  the  east  I 

fro*  water  depths  in  excess  of  25  fest  and  slopes  sere  gradually  f 

» 

I 

i 
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IB 


westward  into  the  shallow  South  Bight. 

The  survey  commenced  at.  latitude  24*15' 08.6"N.,  and  longitude 
77*36*11.0"#.,  and  followed  a  bearing  of  125°  from  the  eastern 
side  of  the  island.  The  surface  of  the  cay  is  covered  with  low 
shrubs  and  bushes,  except  the  eastern  margin  where  variot„s  grasses 
prevail.  No  soil  covers  the  cay,,  but  instead  a  hard,  extremely 
rough,  irregular  limestone  constitutes  the  surface  (Plate  12). 

The  eastern  shore  of  the  cay  is  distinctly  different  from  the 
shore  at  the  previously  discussed  sites.  Instead  of  a  sandy, 
gently  sloping  beach,  an  essentially  vertical,  bare  rock  wall 
descending  to  a  water  depth  of  25  feet  is  present.  Ho  barrier 
reef  protects  the  cay  from  surf  action.  Tnerefore  the  full 
farce  of  all  waves  coming  in  from  the  Tongue  of  the  Ocean  is 
sustained  along  the  eastern  shore  (figure  8) . 

Between  Golding  Cay  and  the  rim  escarpment,  the  sea  bottom 
supports  a  luxuriant  and  varied  community  of  organisms.  From 
the  shore  to  approximately  1,500  yards  seaward,  the  bottom  is  hard 
rough,  and  covered  with  coral  heads  as  much  as  10  to  15  feet  in 
height  and  diameter  (Plate  13).  Locally,  ripple-marked,  sandy 
areas  separate  the  heads  (Plate  13D).  Approximately  1,400 
yards  from  shore,  the  virtually  continuous  coral  growth  breaks 
into  isolated  clusps  separated  by  areas  of  coarse  sand.  Beyond 
this  to  the  break- in-slope,  a  barren  sand  with  scattered 
gorgonians  and  soft  green  algae  prevails  (Plate  14).  The 
outer  platform  edge  displays  an  increase  in  organisms  and  a 
rough ,  hard  surface  (Plate  15). 


DEEP  CREEK  (SITE  6) 


Site  6  is  located  on  the  Andros  shoreline,  60  miles  south  of 
New  Frovidence  Island  and  1  mile  north  of  the  entrance  tc  Deep 
Creek,  The  survey  track  commenced  at  latitude  24®00,23.3"N., 
and  longitude  77* 31* 44. 0’*#,,  and  proceeded  along  bearing  035*. 
Bathymetry  alor.g  tine  survey  track  is  presented  in  Figure  9. 

The  backshcre  area  consists  of  low  shrubs  and  bushes  growing 
stop  a  well -indurated,  eroded  limestone  (Plate  16).  Seaward, 
the  bushes  give  way  t©  a  row  of  coconut  trees  and  then  to  an 
asm*  approximately  100  yards  wide  consisting  of  sand  dunes  S 
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FiGURE  ?.  DEEP  CREEK.  BATHYMETRY,  SURVEY  TRACK  AND  LOCATION  OF  MARKER 
BOUYS.  DEPTH  !N  FATHOMS  AND  FEET.  SOUNDING  DATUM  M,S.L. 
-0.5  FEET.  APPROXIMATE  SCALE  i:25,!00. 


feet  above  mean  sea  level.  The  shoreline  is  straight,  smooth,  and 
dips  gently  seaward. 

The  country  rock,  as  at  the  other  sites,  continues  out  intc  .he 
lagoon  to  the  barrier  reef  and  is  covered  with  unconsolidated  sand 
ranging  in  thickness  from  l.S  feet  nearshore  to  5  feet  at  1  uile 
offshore. 

Tbs  entire  lagoon  bottom  along  the  survey  track  consists  of  a 
clean,  ripple-marked  calcareous  sand  (Plate  17).  Scattered 
throughout  thj  lagoon  are  irregularly  shaped  patch  reefs  (heads) 
ranging  from  a  few  feet  to  300  feet  across  and,  in  many  instances, 
awash  at  low  tide.  The  contact  between  sand  and  heads  is  sharply 
defined  and  the  change  in  relief  is  abrupt.  The  patch  reefs 
support  a  striking  variety  of  sedentary  and  free-swmtdng 
organises. 

» 

At  Buoy  10  (1.6  miles  from  shore)  a  dense  growth  of  grass 
appears  which  gradually  transcends  seaward  into  corals  and  other 
organisms  (Plate  18).  Buoy  10  is  at  the  approximate  location  of 
the  barrier  reef.  Tho  reef  is  not  well -developed  along  this  track, 
and  no  distinct  change  in  bathymetry  narks  its  boundaries.  Seaward 
of  Buoy  10  dense  coral  growth  dominates,  and  assumes  the  same 
pattern  as  at  Golding  Cay,  e.g..  isolated  heads  and  sand  areas. 

This  pattern  continues  to  the  rim  escarpment „ 


HIGH  POINT  CAY  (SITE  7) 


High  Point  Cay  is  the  southernmost  site  studied  and  is  a  s®all 
cay  located  approximately  700  yards  east  of  Andros  Island  and  SO 
miles  south  of  Site  1  at  Fresh  Creek.  The  cay  is  1,700  yards 
long,  300  yards  wide  and  reaches  an  elevation  of  50  feet  on  the 
eastern  end  (Figure  10) . 

The  survey  commenced  at  latitude  23*54,01"N.,  and  longitude 
77329‘20,?W.,  on  the  north  shore  of  the  eastern  end  of  the  cay. 
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At  this  point  the  elevation  is  47  feet  and  the  shoreline  descends 
almost  vertically  to  ,i  depth  of  S  feet  below  mean  low  water.  The 
base  of  the  shoreline  below  water  level  is  undercut  approximately 
4  feet  and  is  thoroughly  pitted  with  small  angular  cavities  (Plate  19). 

Proceeding  along  bearing  057*  for  a  distance  of  1,750  yards  the 
bottom  consists  of  a  hard  limestone  covered  by  a  thin  veneer  of 
coarse  sand*  Occasional  solitary  corals  occur  along  the  track  to 
Buo/  8.  In  addition  there  are  isolated  heads  supporting  a  sparse 
marine  community  (Plates  2Q  and  21  A  §  B).  In  the  vicinity  of 
Buoy  9,  the  bottom  changes  to  a  head-sand  association.  The 
heads  are  generally  4  to  5  feet  high  and  up  to  10  feet  across. 
Proceeding  due  east  from  Buoy  10  the  heads  increase  in  abundance 
to  the  break-in-slope  which  occurs  at  Buoy  12,  where  the  bottom 
consists  entirely  of  hard,  angular  corals  and  algae  supporting  a 
variety  of  soft,  sedentary  organisms  (Plates  21  C  §  D  to  23). 


UPPER  MARGINAL  (RIM)  ESCARPMENT 


The  upper  marginal  escarpment  is  that  area  between  the  break- 
in  -slope  at  the  eastern  edge  of  the  outer  platform  (14  to  16 
fathoms  depth)  and  the  TQTO  flanks  to  100  fathoms  depth.  The 
100  fathoa  contour  is  arbitrarily  selected  due  to  the  depth 
limitation  of  the  surveying  vehicle.  The  concensus  of  opinion 
(Schalk,  1946,  Armstrong,  1953,  Newell  and  Rigby,  1953),  places 
the  bottom  limit  around  100  fathoms.  At-hearn  (1963)  presented 
and  discussed  in  detail  the  bathymetry  "f  the  TOTO  and  stated 
that  the  slopes  appear  to  be  nearly  vertical  in  the  upper  190 
fathoms  with  a  distinctly  less  steep  slope  below.  Detailed 
bathymetri:  surveys  by  NAY0CEAN0  off  the  sites  discussed  here 
show  results  compatible  to  those  of  Atheam  (Ibid.)  and  places 
the  lower  limit  of  the  rim  escarpment  between  110  and  130  fathoms 
in  depth. 

Four  areas  of  the  ria  escarpment  were  studied  by  proceeding 
due  east  from  the  following  locations  to  a  depth  cf  6C0  feet: 
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Dive  No,  LatitudefN)  tcngitu!a(£) 


l>6pth{ffc) 


Fresh  Creek 

X 

24* <7.1* 

U 

Fresh  Creek 

2 

24*43- 0* 

?/<?45.3e 

12 

Big  Wood  Cay 

3 

24*20,0' 

77*41.25' 

16 

Golding  Cay 

4 

Kr 

243U.2* 

77*36.0' 

30 

A  sketch  showing  the  oajor  features  and  their  depth  of  occurrence 
is  presented  in  Plate  24  which  is  a  composite  representation  of  the 
wall  as  derived  from  data  collected  on  all  dives.  Regionally*  little 
difference*  is  present  in  the  rim  characteristics  at  all  four  locations. 
The  spur  a p&  groove  configuration  which  is  distinct  and  extends  to 
the  break- in-slope  at  dive  location  1  is  less  distinct  at  dive  2  and 
not  present  at  dives  5  and  4.  Also  present  at  dive  I  is  a  well- 
defined  notch  in  the  wall  which  cos&ances  at  170  feet  «.nd  ends 
abruptly  at  200  feet.  This  notch  is  continuous  for  sore  than  100 
yards  on  both  sides  of  the  survey  line  and  penetrates  in  excess  of 
20  feet  into  the  wall.  On  the  remaining  dives  no  vail  -defined  notch 
was  observed.  The  similarity  of  this  notch  tc  the  intertidal  notches 
observable  air.  the  base  of  present  day  Bahamian  cars  and  islands  is 
striking,  (see  Plate  12C  of  High  Point  Cay)  and  strongly  suggests 
formation  at  a  previous  lower  sea  level. 

Typically ;1  the  rim  escarpment  between  the  break- in-slope  and  400 
to  450  foot  depths  consists  of  a  hard  rock  wall  Textursily  rough 
and  thoroughly  sculptured  by  ^aves„  sisal 1  terraces,  and  notches 
ranging  from  a  few  feet  to  20  and  30  feet  magnitude  and  covered 
with  a  thin  veneer  of  sand  in  the  crevices  arid  on  the  terraces 
(Plate  25  A§B) .  Between  400  and  450  feet  in  depth  these  features 
gradually  diminish  and,  while  not  completely  absent,  give  way  to  a 
wall  of  smoother  appear once-  though  still  texturaliy  rough.  This 
configuration  continues  to  600  feet  and  at  least  20  to  30  feet 
deeper.  Visability  at.  the  690  foot  depth  was  between  20  and  30 
feet  with  ambient  light.  Occasional  large  blocks  of  rock  can 
be  observed  at  this  depth  which  have  broken  off  from  above  and 
slid  down  the  escarpueat.  Although  the  wail  still  appears  vertical 
at  the  600  foot  level  an  increase  in  the  coverage  and  thickness 
of  the  sand  veneer  suggests  a  decrease  in  the  slope  gradient. 

At  the  350  foot  level  minor  undulations  trending  parallel 
to  the  wall  are  appa^nt.  These  undulations  are  no  more  than 
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1  foot  fro®  ewst  to  trough  and  6  fest  across  and  are  present  beyond 
tfcu  §00  foot  depth  (Plate  25C).  It  is  tempting  to  consider  these 
as  the  mmmnc8wemt  of  the  gullies  described  by  Atheam  (1963)  *nich 
are  present  ia  the  slopes  below  ICO  fathoms  and  vhich  reach  a 
magnitude  of  §00  feet  in  height  and  1  adit*  wide. 

Direct  of  the  wail's  slope  gradient  was  not  possible 

from  the  sdsaersifel®.  When  the  subsarsible  proceeded  horizontally 

a  distance  of  4  or  S  fest  fros  the  wall,  above  the  400  foot 
levels  the  sours®  lead  frequently  into  a  cave  t*-*-  under  an  over¬ 
hang.  X£  th#  submersible  was  held  a  few  feet  fro**  the  wall  the 
vi©v  through  tho  bottom  viewing  port  shewed  nothing  but  water 
directly  below.  Although  this  is  a  very  rough  saeasurcsesnt  at 
best,  sense  definitive  aeasur&sent  was  provided  at  dive  site  3 
off  Middle  Sight  where  several  underwater  cables  leading  freo 
shallow  to  deep  (  >■  X0U  fas)  *f&tsr  were  present.  From  the  top 
of  the  ria  escarpment  to  609  feet  the  cables  were  39  to  60  feet 
away  from  th®  wall  mo  never  were  observed  to  lay  against  the 
wall  (flat®  25).  Since  the  cable  length  is  sufficient  te  allow 
the  cable  to  lay  ok  the  bottas,  this  arrange sent  attests  to  the 
steep  slopes  present  in  the  upper  100  fathoass. 

Marine  organises  such  as  algae  sad  coral  are  present  in  abundance 
to  200  feet  and  decrease  decidedly  below  this  depth.  A  specisjen  of 
the  reef  coral  Ag&rcia  sp„  was  observed  at  340  feet  while  gorgonians 
and  sponges  were  observed  to  540  fast.  Below  509  feet  the  wall  is 
essentially  devoid  of  sedentary  organs  9JR9  vxssb*  s  to  the  naked  eye. 


A  representative  sequence  of  photographs  showing  the  xi m  escarp- 
mat  off  dive  site  4  (Golding  Cay)  is  shown  in  Plates  26  and  27. 


SUKUARf  AND  CONCLUSIONS 


A  graphic  presentation  of  the  aajor  shoreline,  isgoonr  reef,  aed 
outer  (seaward)  platfors  features  of  the  sites  studied  is  prusentsd 
in  Piste  28.  Although  a  detailed  survey  of  the  lagoon  off  Fresh 
Creek  is  m t  presented,  it  is  slsaost  identical  to  the  survey  off 
Salvador  Point.  Salient  characteristics  of  the  areas  studied  are 
as  follows; 


v'W  JBawa 


a,  JShere  the  barrier  reef  is  well  devfeloped  the  lagans 
hereto k  tends  tward  a  thick  saa-i  accumulation  and  stability,  Ar 
exception  is  Big  Wood  Cay  *»Ach  is  atypical  because  of  strong  tidal 
currents  sweeping  the  Middle  Bight  Channel. 

e,  The  barrier  reef  becoaes  less  distinct  proceeding  from 
north  to  sooth  along  Andros  Island, 

c.  Where  no  barrier  reef  z$  presents  s.g«,  Golding  Cay 
and  High  Point  Cay,  the  bottom  is  characterized  by  scattered  large 
coral-algal  heads  ani  a  thin  veneer  of  coarse  sand, 

d.  The  outer  platform,  supports  s  sore  luxuriant  coral -algal 
and  marine  cosnsuaity  where  barrier  reef  developisest  is  strongest, 

e.  Dominant  reef  corals  in  the  major  zones  are: 

Lagoons 


Barrier  Reef 


-  Favig  fra gum,  SAderasc res  radians a  Manicina 
areo iaHyPorites  peritesV  aatfoceaHonai 
SipToria  strxgosa. 

-  Miliepora  sp. ,  Agaric ia  agaricites  var, 
crassa,  Xcropora  palmata. 


Outer  Platform  -  Montastrea  annularis,  Porites  astreoides, 
Acropora  cervicornTs, 

Pi  a  Esc&rpa&nt  -  Montastrea  cavernosa,  Agaricia  sp, 

f.  The  cuter  pi at for®  slopes  gently  seaward  and  is  interrupted 
in  some  areas  by  terraces  running  parallel  to  the  reef.  The  surface 
of  the  platform  is  hard,  texturally  rough,  and  has  auserous  local 
topographic  irregularities  (s,g. ,  spurs  and  grooves,  scattered  and 
closely  spaced  coral  heads). 

The  upper  marginal  or  ria  escarpment  cogences  generally  between 
14  ana  J6  fathoms  and  descends  slaost  vertically  to  depths  in  excess 
of  100  fathers.  The  escarpment  facs  is  thoroughly  sculptured  by  caves, 
terraces,  and  notches  strongly  suggesting  ferae?  exposure  to  sub-serial 
or  intertidal  erosion.  Below  450  feet  in  depth  these  features  diminish 
in  size  and  frequency,  and  the  wall,  while  still  texturally  rough, 
appears  somewhat  saoother  and  sediaeai  accuBuiation  is  greater. 


&«lo#  SO  *  fe«tt  large  marine  organisms  art'  not  present  and  a  desolate,, 
barren  bo-  toss  is  evidenced.  Occasional  large  blocks  of  reef  rock  or 
sections  of  the  wall  which  have  broken  off  from  shove  and  slid  down- 
slope  are  present  at  the  600  foot  level. 
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SALVADOR  POINT  (A)  &  (B)  PATCH  REEF,  BUOY  8,  DEPTH  3  FEET,  (C)  BARRIER  REEF  ON  LAGOON  SIDE 
AND  (D)  SEAWARD  SIDE.  DEPTH  5  FEET.  LARGE  CORAL  IN  FOREGROUND  IS  ACRCPORA  PALMATA. 


HEADS  AND  RIPPLC  MARKED  SAND  ASSOCIATION. 


BOTTOM  AT  BUOY  8,  DEPTH  45  FEET.  HEADS  ARE  3  TO  5  FEET  HIGH  AND  6  TO  8 
»  (C)  BOTTOM  BETWEEN  BUOYS  9  AND  !l,  DEPTH  50  TO  60  FEET.  (D)  BOTTOM 
AND  12,  DEPTH  120  FEET. 


SEAWARD  OF  BUOY 
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TERRACED  outer  PLATFORM 
hard,  ANGULAR  SURFACE  SFUR 
A!TD  GROOVE  CONFIGURATION 
WELL-DEFINED  TO  OBSCURE. 
MARGIN  ABRUPT  AND  SOME- 

TIMES  overhanging 


300  ft.  1 


400  ft.  p 


y\  {/ 


NUMEROUS  CAVES,  terraces, 
NOTCHES,  AND  IRREGULARITIES 

f.tAOE  .....  — 

*-  ^rcHf\3  VCKULAL  AND 

LOCALLY  CONCAVE  FEATURES 
STRONGLY  SUGGESTIVE  Or  SUB¬ 
AERIAL  OR  INTERTIDAL  EROSION 
THIN  VENEER  OF  COARSE  TO 
FINE  SAND  ON  LEDGES. 

LUXURIANT  CORAL  GROWTH 
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APPEARING  BELOW  350  FEET 
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H  - 


major  relief  features 

DIMINISH  BELOW  450  FEET 
WALL  APPEARS  SMOOTHER 
WHILE  RETAINING  ROUGH 
TEXTURE.  APPEARANCE  OF 
SMALL-SCALE  GROOVE5  TREND¬ 
ING  DOWN-SLOPE.  UNCON¬ 
SOLIDATED  SEDIMENT  ACCUMU¬ 
LATION  INCREASING.  SLOPE 
GRADIENT  APPEARS  TO  LESSEN 
j  BETWEEN  500  AND  600  FEET 
LARGE  BLOCKS  OF  REEFROC*. 
SCATTERED  AT  RANDOM. 
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PLATE  25.  TONGUE  OF  THE  OCEAN,  DRAWINGS  SHOWING  MAJOR  FEATURES  OF  RIM 
ESCARPMENT.  (Ai  CORES,  TERRACES  AND  SAND  FLOWS  BETWEEN  S30  AND 
450  FEET.  (3)  PROFILE  OF  SAME  AREA  SHOWN  IN  A.  (C)  ESCARPMENT  AND 
CABLES  OFF  BIG  'WOOD  CAY.  (D)  SHOWING  THE  SMOOTHER  NATURE  OF 
THE  EXCARPMENT  BELOW  450  FEET. 


R*P*ES.lN™T,Vt  PHOTOGRAPHS  OF  MARGINAL  LSCARPMLNT  OFF  C-OtDING 


PHOTOGRAPHS  OF  MARGIN  At  ESCARPMENT  OFF  GOLDING  CAY.  (A)  343  FEET,  {BT  349 
i.  (0)  450  FEET. 
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A  visual  and  photographic  survey  of  the  shore  and  ocean  bottom  to  oOO  feet 
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